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Abstract 
This study presents a comprehensive analysis of the costs and benefits of the two main construction methods in the prefabricated 
homes category: panelized and modular. The main goal is to provide a framework of the implications and tradeoffs of both 
construction methods for single family homes, as well as determine which is more cost effective. The methodology consists of a 
qualitative analysis that includes the overview of the benefits of each construction method over the other, and quantitative 
analysis which compares the cost of the finished homes per square foot to determine which one is more cost effective. Both 
analyses are conducted by evaluating two case studies of single family homes with similar characteristics, one built with panels 
and the other with modules. The benefits identified for panelized homes have to do with transportation, equipment and 
machinery, and insulation technology; on the other hand, the benefits for modular homes are related to quality control, on-site 
work and trades. The quantitative results showed that the modular construction method is only marginally more cost effective 
than the panelized construction method under the given circumstances. As a second part of the quantitative analysis, the panel 
case study was calculated as if it would be built with modules, and the results of both analyses were consistent, but both with the 
same limitations. Through the proposed method, it is possible to evaluate the cost effectiveness of the two construction methods 
for single family prefabricated home projects which could serve as a valuable tool for decision making. 
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1. Introduction 
In recent years, there has been a growing interest in the prefabricated homes industry from both investors and 
buyers, and it is quickly becoming a new standard in home building [1]. Prefabricated homes offer a number of 
attractive advantages compared to the traditional on-site construction method such as substantial reduction of 
construction time, higher quality control, and potential cost savings [2].  
But just as traditional construction has several construction methods, the prefabricated homes category 
encompasses two main construction methods: panelized and modular. Modular housing is defined as “housing that 
is partially built in a plant, shipped to a development site, and placed on a foundation, where the roof structure and 
exterior finishes are completed” [2]. Panelized hosing is a similar construction technique that utilizes wall panels 
manufactured in a controlled environment, shipped to the construction site and installed on the prepared foundation 
[1].  
The fundamental difference between the two is the prefabricated unit, which for the first are structural panels and 
for the second are complete box-like modules including the roof structure and exterior finishes and which sometimes 
represent the home’s functional units [3,4]. Both systems have implications that make them valuable alternatives to 
traditional construction, but the question of how to know which one to choose or which one is more suitable for a 
specific project still exist. 
This paper seeks to answer the question: what prefabricated construction method is more cost effective, panelized 
or modular? Thus, the main goal of this study is to provide a framework of the implications of panelized and 
modular houses, as well as a comprehensive analysis of the costs and benefits of each construction method for a 
single family home, to determine which is more cost effective and what are the tradeoffs when choosing the most 
cost effective of the two. 
2. Methodology and Case Studies 
2.1. Methodology 
This paper performs both a quantitative and qualitative analysis in the matter of comparing the two construction 
methods of prefabricated homes: panelized and modular. The qualitative analysis consists of an overview of the 
benefits of each construction method over the other in order to provide a framework of the implications of each 
method and the potential tradeoffs that would have to be made by choosing one method over the other.  
To perform the quantitative analysis, two case studies were analyzed. The first one consists of a single family 
home built with structural insulated panels (further referred to as ‘Project A-SIP’). The second case study consists 
also of a single family home with similar characteristics to Project A-SIP, but built with prefabricated modules 
(further referred to as ‘Project B-MOD’). For both projects A-SIP and B-MOD, the actual manufacturing and 
construction costs incurred in building the homes were broken down and analyzed to calculate the total cost of the 
finished homes per square foot, which is a comparable unit of measure, and ultimately determine which alternative 
is more cost effective [5]. Some concepts were not taken into account as they refer to costs that are a function of the 
specific project and construction site and not related to the employed construction method.  
2.2. Case Studies 
The first case study employed for this study (Project A-SIP) is a single family home built as a prototype at 
Vancouver, British Columbia, Canada. The home comprises of 2 storeys, 3 bedrooms, 2 bathrooms with a total 
construction area of 1620 ft2. The building envelope was designed and built with prefabricated Structural Insulated 
Panels (SIPs) that utilize Magnesium Oxide boards (MgO boards) as its sheathing component. This SIPs offer a high 
performance envelope system which provides air tightness, high insulation, and durability. The home also includes 
highly efficient appliances and LED lighting, an efficient HVAC system that responds dynamically to demand and 
natural cooling, and was designed to take advantage of solar energy and solar heat with a passive design approach 
[6].  
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The second case study (Project B-MOD) is also a single family home built as an actual project for a family living 
in Bethel, Connecticut, USA. The home consists of 1 storey, 3 bedrooms, 2 bathrooms with a total construction area 
of 1780 ft2 [7]. The house was built with prefabricated modules, and has the Energy Star® label which means that it 
operates 30% more efficiently than a typical home. The energy efficient home includes high performance windows 
and doors, tight seals on insulation and ducts, and efficient heating/cooling equipment, lighting fixtures and 
appliances [8]. 
3. Qualitative Analysis  
3.1. Benefits of Panelized Housing 
The first benefit that the panelized construction method has over the modular construction method is 
transportation. Because of their flat square configuration and light weight, panels can be stacked and fit into 
smaller trucks, compared to the considerably larger trucks needed to transport complete prefabricated modules. All 
the SIPs needed to build the home can be placed on top of a couple of flatbed trucks and transported to the site at 
once. On the other hand, only one or a maximum of two modules can be transported per truck, which implies a 
larger number of trucks needed to get to the construction site. In addition, SIPs are proved to suffer little to no 
damage during transportation as they can be stalked and securely placed, strapped and tightened to the flatbed truck 
which doesn’t allow them to move. Given that modules have to be transported fully assembled with erected walls 
and roof, placing them securely on the flatbed trucks, as well as strap and tighten them is not a simple task, and there 
is a potential risk that the module can be damaged both during placement on top of the truck and during 
transportation.  
The next benefit is the equipment and machinery needed to perform the on-site installation. Because SIPs are 
much smaller and lighter, they can be installed with smaller equipment which is also easier to transport, such as a 
telehandler forklift or zoom boom. To install the modules, a larger crane is needed given that the modules are many 
times bigger and more complicated to handle than the SIPs. Additionally, the transportation of both larger 
equipment and larger trucks to move the modules becomes more complicated if the site has a difficult or narrow 
access. As a result, having smaller and easier to transport equipment and trucks can avoid potential problems on a 
complicated construction site.  
Another benefit of the MgO SIPs over the prefabricated modules is their insulation technology, which leads to 
energy efficiency and other advantages. Between the MgO board sheathing is rigid insulation which can be 
dimensioned to attain different levels of insulation. Also, the SIPs composite is an effective moisture and vapor 
barrier that is resistant to mold growth and insect infestation. In addition, the panel connection design also gives the 
envelope a high R-value and an air tight envelope to prevent heat losses [6,9]. The mentioned features are important 
to enhance the performance of the overall home and to prevent future maintenance issues. 
3.2. Benefits of Modular Housing 
The primary benefit that the modular construction method has over the panelized construction method is quality 
control. Modules are almost entirely manufactured and built in manufacturing facilities at a centralized location 
with a controlled environment, allowing for better quality control practices and higher-than-average quality 
outcomes [2]. For the panelized construction method, the SIPs themselves are the only element that is produced in a 
manufacturing facility, leaving the other elements of the house, such as drywall, installation of mechanical and 
electrical systems, etc. to be completed on-site with the consequent quality control issues. Any on-site alterations 
required of the SIPs can compromise the quality of the connections and the overall envelope.  
Second, the on-site work required is significantly lower for modular homes given that the majority of the 
modules arrive to the construction site 95% complete [10]. When the modules arrive on site, they are installed with a 
crane and have only to be fastened together, which requires a few workers for a few days. On the other hand, 
installing the SIPs is not as simple and quick, as much more assembly is required, meaning the contractor needs 
more workers for more time than for module buttoning up. As mentioned, modules arrive on site almost complete, 
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including installation of plumbing, electrical and mechanical systems as well as all major appliances such as 
showers and dishwashers [11]. This is not the case for the panelized homes, which have to dedicate more time on-
site to complete the interior work, which can include drywall, kitchen and bathroom appliances, cabinets and closets 
[12]. 
As a result of the completeness of the module when they arrive on site, fewer trades are involved in connecting 
the house, and the amount of work they have to do and time they have to spend on-site is also reduced. For both 
construction methods, a general contractor is needed, but for modular, the only additional trades involved are 
electricians and plumbers to connect the electrical and plumbing systems from one module to the other and to 
municipal utilities [11]. In addition to those trades, the panelized home could also require carpenters, drywall 
installers, plumbers and painters, among others, to entirely install and connect all the home’s systems and complete 
the interior work, which can take considerably more time and requires more workers for each trade. 
4. Quantitative Analysis 
To perform the quantitative analysis, Project A-SIP and Project B-MOD were compared in terms of the actual 
manufacturing and construction costs to build and completely finish the houses. However, some costs were excluded 
from the analysis, such as land, site preparation, foundation, taxes, fees and permits, which were not taken into 
account because they represent costs related to the specific site and they are not influenced by the employed 
construction method. Table 1 shows the cost breakdown for each project in $ CAD (Canadian dollars) per square 
foot (i.e. a comparable unit of measure). 
Table 1. Results of quantitative analysis for Project A-SIP and Project B-MOD 
Concept Project A-SIP  
 ($ CAD/ft2) 
Project B-MOD 
 ($ CAD/ft2) 
Manufactured elements $ 74.60 $ 75.90 
Customization $ 4.80 $ 5.80 
On-site interior work $ 29.60 $ 12.40 
Other on-site work and utilities $ 7.00 $ 9.50 
Total $ 116.00 $ 103.60 
 
In Table 1, the first item, ‘Manufactured elements’, for Project A-SIP includes production, delivery and 
installation of the SIPs, windows, doors, roof, HVAC equipment, hot water heater and other electrical and 
mechanical fixtures; for Project B-MOD, it includes production, delivery and installation of the prefabricated 
modules which include all of the above-mentioned. In the case of ‘Customization’, both projects had similar custom 
features such as flooring, better quality doors and windows, upgraded and special appliances (e.g. range hood). For 
the third item, ‘On-site interior work’, Project A-SIP includes electrical and mechanical installation and connection, 
interior and drywall finishing, and interior/exterior painting; Project B-MOD includes module connection, shipping 
damages repair, interior finishing, electrical and mechanical connections and other work performed by the general 
contractor. Finally, the item ‘On-site exterior work and utilities’ represents other work done on-site involving the 
traditional construction methods. For Project A-SIP, this includes concrete, metal and lumber work needed for 
structural support; for Project B-MOD, it involves the addition of a front porch which was already included in 
Project A-SIP’s design. 
The results of the analysis demonstrate that the modular construction method is marginally more cost effective, 
with a cost difference of approximately 11%. This difference would be significant if it were to represent a 
guaranteed savings in construction costs, but it is not large relative to typical variations that can be found in the cost 
of home construction for any number of reasons, and thus the qualitative advantages and disadvantages of each 
method may well govern over the cost effectiveness in the optimal decision. 
Between the two alternatives most of the cost items have similar costs, including the manufactured elements, 
which means that the cost of manufacturing, transporting and delivering the modules on site doesn’t differ much 
from manufacturing, transporting and delivering the SIPs plus all other products and appliances that the modules 
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already include such as windows, doors, bathroom and kitchen appliances. The major difference can be observed on 
the cost of the on-site interior work, due mainly to the increase in amount of labor and time required for the 
electrical, mechanical and drywall trades for installing and connecting their respective systems or elements.  
5. Comparison of Hypothetical Identical Homes 
The previous analysis compares the results from real-world projects that were similar, but not identical.  A 
second analysis was conducted by using the unit cost results from Project B-MOD to estimate the costs for a home 
that was identical to Project A-SIP, but built using modular construction methods, resulting in a case referred to as 
Project A-MOD.   The objective of doing this is to contrast the cost per square foot of the same project executed 
with the two different construction methods. Table 2 shows the cost breakdown for each project in $CAD (Canadian 
dollars) per square foot.  
              Table 2. Calculation of costs for Project A-MOD and comparison with Project A-SIP and Project B-MOD costs 
Concept Project A-MOD 
 ($ CAD/ft2) 
Project A-SIP 
 ($ CAD/ft2) 
Project B-MOD 
 ($ CAD/ft2) 
Manufactured elements $ 75.90 $ 74.60 $ 75.90 
Customization $ 6.20 $ 4.80 $ 5.80 
On-site interior work $ 16.00 $ 29.60 $ 12.40 
Other on-site work and utilities $ 9.80 $ 7.00 $ 9.50 
Total $ 107.90 $ 116.00 $ 103.60 
 
The analysis used the same cost items, considered the unit rates found on the Project B-MOD project, and then 
adjusted these as deemed appropriate based on judgement associated with the known differences between the two 
homes.  In Table 2, ‘Manufactured elements’ for Project A-MOD is exactly the same as for Project B-MOD because 
the cost of production, delivery and installation of the prefabricated modules was taken to be the same in both cases. 
In the case of ‘Customization’, Project A-MOD has a higher cost per square foot than both Project A-SIP and 
Project B-MOD because of upgrades that Project A-SIP has in appliances, insulation and HVAC equipment (which 
were included in the concept ‘Manufactured elements’ in the cost analysis shown in Table 1) are now treated as 
customizations or enhancements relative to the modules as manufactured in the Project B-MOD case. 
For the third item, ‘On-site interior work’, there was a considerable diminution in costs compared with Project 
A-SIP. The reason is that the modules already have the mechanical and electrical systems installed and only have to 
be connected on site, thus much less workers and time is required (roughly half); the reason that these on-site 
interior costs for Project A-MOD are somewhat higher than for Project B-MOD is that Project A-MOD has 2 storeys 
and Project B-MOD only has 1, which increases the amount and complexity of the on-site work such as the module 
connection and shipping damages repair. Finally, the cost item for ‘On-site exterior work and utilities’ for Project 
A-MOD represents temporary facilities needed for the general contractor (included in Project A-SIP) as well as the 
front porch which, like Project B-MOD, was included under this cost items (whereas using panel construction, it 
was included under manufactured elements in Project A-SIP).  
As shown in Table 2, the second analysis indicates that the Project A-SIP home may have been more cost 
effective using a modular construction method by approximately 7%. Again, this savings could be considered as 
significant, but is not large relative to other construction cost and variabilities, and thus qualitative issues may well 
govern over the cost effectiveness in the optimal decision. 
6. Discussion of Results 
As stated, the quantitative results show that the modular construction method has a slightly lower cost than the 
panel construction method, but that the difference is not large enough to overrise any other considerations, and that 
qualitative factors should also be considered. When choosing the construction method for any construction project, 
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there are always tradeoffs to be made, weighing the advantages of one method against its disadvantages and the 
relinquished advantages of alternative methods not chosen.  Therefore, qualitative analysis should definitely be 
combined with the quantitative cost evaluation.  
For this specific case, executing Project A with the alternative construction method (modular) would involve the 
following main tradeoffs: (1) a possible negative impact on the architectural design, since modular construction 
doesn’t allow as much flexibility in the home configuration; (2) a possible decrease in energy efficiency, since the 
high performance envelope of the MGO SIP panel system was greater than that of the typical modular construction 
used on Project B-MOD, although it may be possible to achieve the same level of energy efficiency in a modular 
solution using other insulation methods and more efficient windows and doors; and (3) decreased reusability, as the 
MgO SIPs have the capacity of being easily disassembled and reused to build the same or a different house 
configuration on a different location, whereas the modular construction is believed to provide less flexibility for 
reuse.  
There are several factors that could impact the quantitative analysis results, including: (1) difficult access or 
remote construction site, because transportation of the larger and heavier manufactured elements and installation 
equipment would be more expensive and more difficult. (2) home’s main characteristics such as square footage and 
number of storeys, as not all the considered costs are necessarily dependent on the home’s size, as well as design 
complexity which could be associated with cost increases; (3) a location’s extreme climate, which could change the 
home’s needs in terms of insulation and more efficient heating/cooling systems; and (4) limited availability of expert 
labor and trades, which could affect the construction schedule and cost if they are not available or don’t possess the 
amount of expertise to work with prefabricated construction methods.  
7. Conclusions  
An analysis method has been proposed to evaluate prefabricated construction methods on a quantitative way 
based on cost per square foot of construction, and on a qualitative way by listing benefits of each construction 
method and thinking about the tradeoffs between them. Through this method, it is possible to evaluate the cost 
effectiveness of the two construction methods for single family prefabricated home projects in a way that could 
serve as a valuable tool for decision making.  
The paper addressed the research question concluding that modular construction method is marginally more cost 
effective than panelized construction method for this particular case studies and under the given circumstances. It 
also provides a framework of the implications of both construction methods and a discussion of the tradeoffs when 
choosing the modular method over the panelized method. The cost analysis was carried out both using two real 
projects that were similar but not identical, and two identical homes where one was a real prototype of a panel home 
and the other was a hypothetical modular home. 
Both the qualitative and the quantitative analysis developed in this paper are specific for these case studies, and 
although results are meant to apply for other single family prefabricated home projects, each project has its own 
factors and some of them could significantly change the results. Another limitation of the analysis is that, because it 
excludes project specific concepts such as cost of the land, site preparation, foundation, taxes, fees and permits due 
to the fact that they represent costs proper to the site and don’t depend on the employed construction method, the 
results don’t reflect the complete cost of the projects. For that reason, the costs per square foot determined on the 
analysis should not be considered as the final cost for any of the projects.  
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